and water transport. It has been reported that the uroguanylin knockout mouse exhibits elevated blood pressure. Therefore, the GUCA2B gene is thought to be a susceptibility gene for essential hypertension (EH).
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Introduction
While uroguanylin is expressed primarily in the mammalian intestine, it is also found in the kidney. It was identified because of its homology to the bacterial heat-stable enterotoxin (ST) and its ability to bind to the ST receptor, guanylate cyclase-C (GC-C) (1, 2) . ST is a small peptide that is produced by enterotoxigenic bacterial strains and that binds and activates the receptor GC-C. GC-C activation by ST during bacterial infection increases the intracellular levels of cGMP in enterocytes, causing a secretory diarrhea. GC-C is normally regulated by the endogenous peptide ligand, uroguanylin (3) . Uroguanylin has local intestinal (paracrine) and endocrine functions, forming a potential enteric-renal link that is involved in coordinating salt ingestion via natriuresis (4) (5) (6) . Previous studies on uroguanylin peptide suggest that it may function as an endocrine intestinal natriuretic hormone, as it has been found to circulate in the bloodstream (7, 8) . In addition, high-salt intake can cause an increase in uroguanylin mRNA (9, 10) , as well as an increase in the urinary excretion of uroguanylin (11) . It has also been noted that there is an increase in uroguanylin levels in the circulation of patients with renal disease and congestive heart failure (12, 13) . Previous studies using mice that had a disruption of the genes responsible for the generation of uroguanylin have also provided information on the function of these genes. Blood pressure levels for mice with the targeted homozygous uroguanylin gene (−/−) were found to be significantly higher than those seen in the heterozygous (+/−) and wild types (+/ +). These results suggest that uroguanylin is a very important factor in the physiological regulation of blood pressure (1) .
The human GUCA2B gene that encodes uroguanylin is located on chromosome 1p33-p34 (14) . The gene consists of three exons and two introns that are found within an overall length of 2.5 kb (15, 16) , and has several single nucleotide polymorphisms (SNPs). Although the GUCA2B gene is thought to be a susceptibility gene for hypertension, there have been no studies that have examined the association between the GUCA2B gene and essential hypertension (EH).
High blood pressure or hypertension affects 25% of most adult populations and is an important risk factor for death from stroke, myocardial infarction and congestive heart failure. Most hypertensive cases are classified as being primary and are referred to as EH. EH is thought to be a multifactorial disease (17) .
The aim of this study was to assess the association between the human GUCA2B gene and EH using SNPs.
Methods
Subjects
This study included a group of 281 patients that were diagnosed with EH. A positive diagnosis required the patient to have a seated systolic blood pressure (SBP) above 160 mmHg and/or diastolic blood pressure (DBP) above 100 mmHg on three occasions within 2 months after their first medical examination. None of the patients were using antihypertensive medication and subjects diagnosed with secondary hypertension were excluded. We also included 279 normotensive (NT1) healthy individuals as controls. None of the NT participants had a family history of hypertension, and all had SBP and DBP below 130 and 85 mmHg, respectively. To derive more reliable data, we performed a duplicate case-control study in which we recruited another normotensive group (NT2). The NT2 subjects consisted of 285 essentially healthy elderly Japanese (mean age, 77.8±4.2 years). They were members of a group called the New Elder Citizen Movement in Japan, for which the physical and psychosocial characteristics have been previously described (18) . The plasma highdensity lipoprotein (HDL) cholesterol concentration and serum uric acid concentration data were not collected. A family history of hypertension was defined as a prior diagnosis of hypertension in grandparents, uncles, aunts, parents or siblings. Both groups were recruited from the northern area of Tokyo, and informed consent was obtained from each individual as per the protocol approved by the Human Studies Committee of Nihon University (19, 20) .
Biochemical Analysis
The methodology employed by the Clinical Laboratory Department of Nihon University Hospital was used to measure all plasma total cholesterol and HDL cholesterol concentrations, and serum creatinine and uric acid concentrations (21) .
Genotyping
We selected four SNPs in the introns of the human GUCA2B gene as markers for the genetic association experiment (Fig.  1 ). The minor allele frequencies for each of the SNPs among the Japanese subjects were > 10%, which indicates that they all should be effective genetic markers. All SNPs were confirmed using the database for SNPs (dbSNP) on the NCBI website and the Applied Biosystems-Celera Discovery System. The accession numbers were as follows: rs883062 (C__1595618_10), rs1047047 (C__11291674_10), rs2297566 (C__1595598_10), and rs885846 (C__8909905_10) (Fig. 1) . rs1047047 was located in exon 1 and exhibited no amino acid changes, thereby resulting in a silent mutation. rs883062 (C__1595618_10) was located upstream of exon 1. The other two SNPs were located in the intron.
Genotypes were determined using Assays-on-Demand kits (Applied Biosystems, Branchburg, USA) together with TaqMan ® PCR. When allele-specific fluorogenic probes hybridize to the template during the polymerase chain reaction (PCR), the 5′ nuclease activity of the Taq polymerase can dis-criminate alleles. Cleavage results in increased emission of a reporter dye that otherwise is quenched by the dye TAMRA. Each 5′ nuclease assay requires two unlabeled PCR primers and two allele-specific probes. Each probe was labeled with a reporter dye (VIC and FAM) at the 5′ end and TAMRA at the 3′ end. Amplification by PCR was carried out using TaqMan Universal Master Mix (Applied Biosystems) in a 5 μL reaction volume with final total concentrations of 2 ng DNA, 900 nmol/L primer, and 200 nmol/L probe. Thermal cycling conditions consisted of 95°C for 10 min, and then 40 cycles of 92°C for 15 s and 60°C for 1 min in a GeneAmp 9700 system. All 96-well plates contained 80 samples of unknown genotype, eight known allele 1 homozygotes, eight known allele 2 homozygotes, and eight reactions with reagents but no DNA. The homozygote and control samples without DNA were required for the SDS 7700 signal processing that is outlined in the TaqMan Allelic Discrimination Guide (Applied Biosystems). Direct sequencing, single-stand conformation polymorphism (SSCP), or denaturing high pressure liquid chromatography was used to confirm control sample genotypes. PCR plates were read on the ABI 7700 instrument using the SDS version 1.9 software package in the end-point analysis mode (Applied Biosystems). Genotypes were visually determined by comparison with the dye-component fluorescent emission data shown in the X-Y scatter-plot of the SDS software. Genotypes were also automatically determined by the signal processing algorithms in the software. The results of both scoring methods were saved to two output files for later comparison.
Haplotype-Based Case-Control Study and Linkage Disequilibrium Analysis
We performed a haplotype-based case-control study using the four SNPs. Based on the genotype data of the four genetic variations, the frequency of each haplotype was estimated using the expectation/maximization (EM) algorithm (22, 23) . In order to determine haplotype and linkage disequilibrium (LD), SNPAlyze version 3.2.3 was used (Dynacom Co., Ltd., Yokohama, Japan), which is available from the Dynacom website at http://www.dynacom.co.jp/products/package/ snpalyze/index.html. Haplotypes with a frequency of < 0.02 were excluded from the analysis.
Diplotype frequency was also estimated by SNPAlyze version 3.2.3. Clinical parameters were compared between the patients with and without one haplotype by using the diplotype data.
Statistical Analysis
Data are shown as the mean±SD. Differences between the EH and NT groups were assessed by analysis of variance (ANOVA) followed by a Fisher's protected least significant difference (PLSD) test.
Hardy-Weinberg equilibrium was assessed by a χ 2 analysis. When the sizes of the expected values were small (below 2.0), the genotypes were combined (24) . The overall distribution of the SNP alleles was analyzed by 2 × 2 contingency tables, and the distribution of the SNP genotypes between the EH patients and NT controls was tested using a two-sided Fisher exact test and multiple logistic regression analysis. Statistical significance was established at p< 0.05.
Fig. 1. Organization of the human GUCA2B gene and location of the SNPs used for the association study. Closed black boxes indicate exons (coding region), closed white boxes indicate exons (non-coding region), and lines indicate introns.
The threshold value of the frequencies of the haplotypes included in the analysis was set to 1/2n (n: numbers of subjects in each group), as suggested by Excoffier and Slatkin (25) . All haplotypes below the threshold value were excluded from the analysis. The overall distribution of haplotypes was analyzed using 2 × m contingency tables with a value of p< 0.05 considered to indicate statistical significance. The p value for each haplotype was determined by the χ 2 analysis and permutation method using the software SNPAlyze version 3.2.3 (18, 26) . Table 1 shows the clinical features for the EH patients and the NT controls. The SBP and DBP were significantly higher in the EH group as compared to those seen in the NT group. Age and serum concentrations of creatinine and uric acid did not differ significantly between the two groups.
Results
We performed an association study using four SNPs. Table  2 shows the genotype and allele distributions of the four SNPs. The overall distributions of the genotypes and alleles did not differ significantly between the EH and NT1 groups. Almost all of the data were duplicated between the groups with the exception of the genotype distribution of rs1047047 between the EH and NT2 group. However, the allelic distribution of rs1047047 was not significantly different between the EH and NT2 group.
LD analysis showed that the four SNPs were located in one haplotype block, because all D′ values were beyond 0.5. Because the r 2 between rs883062 and rs885846 was beyond 0.5, the combination of rs883062 and rs885846 was not adequate when using these simultaneously in the one haplotypebased case-control study (Tables 3, 4) . These results were completely the same for the NT1 and NT2 groups. The results of the LD analysis provided an estimate of seven combinations of SNPs for the haplotype-based casecontrol studies (Table 4) . Two combinations, rs883062-rs1047047 and rs883062-rs1047047-rs2297566, showed significant differences in overall distributions in the haplotypebased case-control studies. The occurrence of the C-A haplotype at rs883062-rs1047047 was significantly higher in the EH group (2.8%) than in the NT1 group (0.0%) (p= 0.00006). 6  4  8  5  8  8  s  r  6  6  5  7  9  2  2  s  r  7  4  0  7  4  0  1  s  r  2  6  0  3  8  8  s  r  P  N  S  6  4  8  5  8  8  s  r  6  6  5  7  9  2  2  s  r  7  4  0  7  4  0  1  s  r  2  6  0  3  8  8  s  r  P  N  S  9  0  9  .  0  0  0  0  .  1  0  5  8  .  0  2  6  0  3  8  8  s  r  0  5  9  .  0  7  3  9  .  0  7  1  9  .  0  2  6  0  3  8  8  s  r   r   2   7  6  9  .  0  0  0  0  .  1  3  5  2  .  0  7  4  0  7  4  0  1  s  r  r   2   3  8  9  .  0  3  7  9  .  0  3  1 
The occurrence of the C-A haplotype was not significantly different between EH males (2.9%) and EH females (2.7%) (p= 0.803). The occurrence of the C-A-G haplotype at rs883062-rs1047047-rs2297566 was significantly higher in the EH group (3.5%) than in the NT group (0.0%) (p= 0.00001). The occurrence of the C-A-G haplotype was not significantly different between EH males (3.3%) and EH females (4.0%) (p= 0.575). The results for the second casecontrol study were the same as those found for the haplotypebased case-control study ( Table 4) .
As estimated based on the diplotype analysis, there were 10 patients with the C-A haplotype and 16 patients with the C-A-G haplotype in the EH group. The SBP in patients with and without the C-A haplotype were 183.1±34.6 and 170.5±19.7 mmHg (p= 0.053), respectively. The DBP in patients with the C-A haplotype (114.2±17.1 mmHg) was significantly higher than that in patients without the C-A haplotype (103.3±15.2 mmHg) (p= 0.027). Other clinical parameters were not significantly different between the patients with and without the C-A haplotype (data not shown). There were no significant differences in any of the clinical parameters between the patients with and without the C-A-G haplotype (data not shown).
Discussion
Initially, it was considered that the physiologic role of uroguanylin was to regulate the secretion of fluid and electrolytes in the intestinal epithelium. While there may be some residual belief that guanylin peptides influence cellular functions via the intracellular second messenger, cyclic GMP (cGMP), uroguanylin appears to cause no abnormalities of intestinal fluid secretion in mice lacking GC-C (1). However, it should be noted that GC-C, the so-called uroguanylin receptor, is not identical to the natriuretic peptide type C receptor (NPR3). The gene encoding human GC-C (GUCY2C) is located on 12p12, while the human NPR3 gene is located on 5p14-p13. Recently, it was reported that uroguanylin regulates transport in the cortical collecting duct that is independent of GC-C (27) . These findings suggest that there may be other physiologic roles for uroguanylin in addition to signal transduction via GC-C. Although there have been some reports showing that natriuretic peptides and their receptors are related to the pathophysiology of hypertension, there have been no previous association studies concerning the EH and the GUCA2B gene. Our study is the first to attempt to elucidate this relationship. We examined the association between the GUCA2B gene and EH using four SNPs of this gene. The use of SNPs is a valuable tool for association studies examining genomic markers. Since the SNPs consisted of three genotypes and two alleles, we were able to investigate the association between EH and the frequency of the genotype and the allele.
Since the completion in 2001 of the draft sequence of the human genome, the methodology and strategy for doing genetic research have changed dramatically. SNPs are now used for the positional cloning of susceptibility genes by performing whole genome-wide scanning (28) . However, one of the biggest changes involves haplotype analysis. Recent studies have shown that the human genome has a haplotype block structure that can be divided into discrete blocks of limited haplotype diversity. In each block, a small fraction of SNPs, referred to as "tag SNPs," can be used to distinguish a large fraction of the haplotypes. These tag SNPs have the potential to be extremely useful in association studies, since they make it unnecessary to have to genotype all of the SNPs. The online information of the HapMap projects indicate that the rs883062 and rs885846 in the four SNPs used in our experiment were registered, and the r 2 between rs883062 and rs885846 was 0.631. Therefore, a combination of the two SNPs is not adequate when using these simultaneously in a one haplotype-based case-control study, as was determined in our study.
Haplotype-based analysis is considered to be much more powerful than a marker-by-marker analysis (29) . In genes with multiple susceptibility alleles, in particular when the LD between the polymorphisms is weak, a haplotype-based association study has advantages over an analysis that is just based on individual polymorphisms (30) . In the present study, we estimated haplotypes using three polymorphisms (rs883062, rs1047047, rs2297566), which were based on the results of the LD analysis. We used these to conduct a haplotype-based case-control study between the EH and NT groups. Statistically, the two haplotypes were significantly more frequent in the EH group than in the control group. Furthermore, the DBP in patients with the C-A haplotype was significantly higher than that in patients without the haplotype. This is very interesting because a possible functional mutation in the GUCA2B gene linked to the C-A haplotype may be involved in the pathophysiology of EH. Blood pressure may be higher in patients with than in those without the C-A haplotype. Thus, this phenotype could be one of the characteristics of the GUCA2B gene-related hypertension. However, the frequency of the C-A-G haplotype at rs883062-rs1047047-rs2297566 in the EH group was only 3.5%. This is not surprising given the low frequency of the susceptibility haplotype, since EH is thought to be a multifactorial disorder. Uroguanylin belongs to a group of depressor factors that include natriuretic peptides, the nitric oxide system, the adrenomedullin system and prostacyclin. It is thought that each susceptibility gene is related to the development of EH even though the contribution of each gene is small and that these genes may interact in a complex manner. At the present time, it is impossible to predict the contribution of SNPs or haplotypes in the GUCA2B gene in regard to EH. However, the accumulation of additional data on the genotyping of multiple susceptibility genes for EH may ultimately lead to the ability to determine the individual contributions.
In conclusion, the present haplotype-based case-control study showed that the GUCA2B gene could be the susceptibility gene of EH. The present data indicate that the GUCA2B gene is a promising candidate for use as a genetic marker for EH. Further studies are needed to clarify the causal/susceptibility mutation of the GUCA2B gene and/or neighboring genes in EH.
